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SUMMARY 

Res"u.lts are presented of flight measurements of the 
performance and cooling characteristics of a short-nose 
high- inl et- vel oc ity cowling on the XP-42 airplane for con- 
ditions of climh with and without propeller cuffs and for 
high speed without cuffs. This cowling is one of a series 
being tested at LMAL. 

The airplane speed was approximately 1 mile per hour 
greater witnout propeller cuffs than the previously meas- 
ured value with cuffs. The pressure recovery on the front 
of the engine averaged 0.74 airplane impact pressure at 
high speed without cuffs as compared with 0.80 airplane 
impact pressure with cuffs- 

In full-power climh, at 140- miles-per- hour indicated 
airspeed, the pressure recoveries averaged 0.70 impact 
pressure with cuffs and 0.60 impact pressure without cuffs. 

Oil-in and spark-p lug- elbow temperatures were critical 
in the ground run without cuffs- 



INTRODUCTION 



The NACA is conducting an extensive flight investiga- 
tion of several types of cowling for radial aircraft en- 
gines. The conditions so far investigated are given as 
follows: 
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Test Tz.P.e_of ._c_ot liu£_an|^ 

1 Long-nose hi^-h- inlet-veloc ity cowling with propeller 

cuffs and Bmall cowl flaps; high speed 

2 Long-nose high- inlet-vel oc ity cowling with cuffs 

and modified cowl flaps; climh 

3 Sho"^t-nose high- inlet-veloc ity cowling with cuffs 

and small cowl flaps; high speed 

4 Siiort-nose lovv- inlet- velocity cowling with spinner- 

mounted axial-flow fan, cuff 1, and small cowl 
flaps; high speed 

5 Short-nose low- inlet-veloc ity cowling with fan, 

c\iff 1 and modified cowl flaps; climh 

6 As in test 4.; cuff 1 except with modified cowl 

flaps; high speed 

7 As in test 6; out with baffle seal strips at hase 

of cylinders removed; high speed \ 

8 Short-nose low- inlet- veloc ity cowling with fan 

only; high speed 

9 As in test 8; climh 

10 Short-nose low- inlet-velocity cowling without fan 

or cuff s ; cl imh 

11 As ii} test 10; high speed 

12 Shcrt-nose 1 ow- inlet- velocity cowling with cuff 1, 

without fan; high speed 

13 As in test 12; climb 

14 Short-nose 1 ow- inl e t- v e 1 oc i t y cowling with cuff 2, 

without fan; clim.li 

15 As in test 14; high speed 

16 Short-nose high- inlet- veloc ity cowling with propel- 

ler cuffs; climb 

15A Short-nose high- inlet-velocity cowling without 
cuffs; climb 

16B Short-nose h igh- inl e t- ve 1 oc ity cowling without 
cuffs; high speed 



Whers not other v/ise noted, the tests ivere made ivith 
the modified cofI flaps. 

The results of tests 1 and 2 are reported in refer- 
ence 1. The results of test 6 are presented in reference 
2; of tests 4 to 7, in reference 3; and of tests 8 to 15, 
in reference 4 . 

The present paper covers the results of tests 16, 16A, 
and 16B. I n c onjunc t i on with refereiice 2, it represents a 
completion of the investigation contemplated for the short- 
nose (Dcj) high- inlet- velocity cowling. 

The design of the cowling and engine installation was 
a project of the Air-Cooled Engine- Installat ion Orcup sta- 
tioned at the Laboratory. The -oortion of this group asso- 
ciated with this project included Mr. Howard S- i^itsch, of 
the Cur t i s s- Wr i^;ht Corporation, Mr. Peter Torraco, of the 
Eepublic Aviation Corporation, Mr. William S. Richards, of 
the Wright Aeronautical Corporation, and Mr. James H. 
Thompson^ of Pratt & Whitney Aircraft. The Materiel Command, 
Army Air Forces, sponsored the investigation and supplied 
the XP- 42 airplane. The airplane division of the Curtiss- 
Wright Corporation handled the construction as well as the 
st x^uc tur al and detail design of the cowling and supplied 
personnel to assist in the servicing and maintenance of the 
airplane and cowling during the tests. Pratt & Whitney 
Aircraft prepared T:he engine and torqiie meter for the tests 
and assisted in the operation and servicing of the engine. 
The propeller, cuffs* and spinner were supplied by tne pro- 
peller division of the Curt i ss-Wright Corporation. 

This paper was originally issued as a memorandum re- 
port for Army Air Forces* Materiel Command. 

XP-42 AIRPLANE WITH SHORT- NOSE HI G-H- I NLET- VSLOCI TY COWLIicTO 



The airplane, engine, and cowling were the same as 
described in reference 2 except that the cowl skirt had 
been cut for the addition of extra cowl flaps, of which 
the position could be changed on the ground only. The 
airplane with the modified cowl flaps fixed open is sliown 
in figure lo 
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TEST APPARATUS A^ID PROCEDURE 



The installation of the test equipment was descri"bed 
in reference 2. The method used for making the climh 
cooling tests was the same as descrihcd in references 3 
and 4. '^ov the cowling with cuffs, full-power climbs were 
made at indicated airspeeds of 155 and 140 miles per hour 
in automatic rich and at 140 miles per hour in full rich. 
For the cowling witJiout cuffs* the climhs were limited to 
one at 155 miles per hour in automatic rich and one at 140 
miles per hour in full rich. 

The high-speed tests were conducted as described in 
reference 2 and ground cooling tests, as described in 
reference 4. 

SYMBOLS 



bhp brake horsepower 

Q densityratio 

T) propulsive efficiency 

S wing area, souare feet 

Cjj drag coefficient 

p observed pressure above free-stream static pressure, 
inches of v/ater 

q airplane impact pressure, inches of water 

RE SU LT S 



The data obtained during the high-speed runs and dur- 
ing the climbs are presented in tables I and II. In addi- 
tion, the chief climb-test data are shown in figures 2 and 
3 in the form of time histories of the climbs* 

It will be noted that all temperature data for the 
155-mi le-per-hour climb with cuffs (flight Ib-l) are miss- 
ing. Analysis of the data from this flight indicated that 
cold- junct ion temperatures had not stabilized and that tem- 
peratures were uncertain within a range of about 15^ F. 
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A leak ir* one of the 12 pressure- select or switches 
invalidated some of the engine cooling-air pressure data, 
as indicated hy omissions in tahle l(a). 



6j discussion 

Maximum Speed 



The values of maximum speed and power observed during 
the full- throttle level runs without cuffs are plotted 
against density altitude in figure 4. The figure also in--, 

eludes the parameters ( —tH^ ) » representative of the 

\ a / 

effective power, and 5£.73 ( -tl-^ ) , representative of the 



airplane cleanness, as explained in references 1 and 2, 
The product of these t^.vc parameters is the speed of the 
airplane. The installation having the highest value of the 
parameter of airplane cleanness will evidently have the 
highest speed at a given power and altitude. 

It was shown in reference 3 that the installation of 
the modified cowl flaps in the closed position caused an 
increase of form drag, resulting in a decrease of approx- 
imately t'YG-thirds of 1 percent in the parameter 
/ M '"'-^ 

52,73 I -TI--. ] i This increase in drag is attributed to 

air leakage around the modified flaps and would not be 
present in a well-designed flap installation. Hence, for 
comparison with the results of previous tests with the 
original cowl flaps, it is desirable to increase by two- 

thirds of 1 percent the values of speed and 52.73 ( --^ ] 

observed in the present tests* Values corrected in this 
way. are shown by the dashed lines of figure 4. Comparison 
of the corrected value of the cleanness factor with that 
obtained from reference 2 for the cowling with cuffs shows 
an increase of approximately one-third of 1 percent, or 
1 mile per hour» due to removal of the cuffs. 



6 



Pressures and Temperatures 

The ccoling-air pressures on the front of the engine 
in full-power level flight without cuffs averaged approx- 
imately 6.74q,_. as compared with O.SOqc with cuffs for the 
same locations of pressure measurement. The distributions 
of the cooling-air pressures for each case are shown in^ 
figure 5. The pressure distributions for the cowling with 
cuffs are taken" from reference 2. It is evident from this 
figure that the pattern of pressure distribution is the 
same in either case except for slight dissimilarities be- 
hind the engine resulting from the change in cowl flaps. 

The distributions of cooling-air pressures for the^ 
full-power-cl imh condition are shown in figure 6, in which 
the joints are taken from individual runs in the 140-mile- 
per-iiour climbs at appr oximat elv 16,000 feet. Here, again, 
there is no apparent change in distribution due to the cuffs. 

It is to be noted, particularly, that either with or 
without cuffs, the pressure recovery on the front of the 
engine in climh was' less than, that observed for the high- 
st)eed condition. For the runs plotted in figure 6, the 
pressure recovery was O.VOqc ^i^^^ cuffs and 0.59qc without 
cuffs. The pressure loss between the s^irvey in the annulug 
and the front of the engine depends upon the air flow. For 
this reason, the loss through the annuius, in terms of q^, 
is higher in the climb condition. When cuffs are used, 
this increased pressure loss is usually more than offset hy 
the increased cuff loading at the lower velocity. In the 
present case, however, although the cuffs caused high pres- 
sures in the carburetor and oil-cooler scoops, the pressure 
increment at the annuius was comparatively small. The 
boundary layer on the spinner is believed to have blanketed 
an appr'eciable tjart of the narrow annular opening. This 
condition resulted in an energy absorption from the incom- 
ing air and a consequent pressure loss at the inlet, Fur- 
ther pressure losses were introduced by gaps between the 
spinner and the roots of the cuffs. At the low-pitch 
angles for climb, the gaps between the spinner and the 
trailing edges of the cuffs extended almost halfway across 
the annular opening. 

Typical distributions of the cylinder head and barrel 
temperatures are shown in figure 7 for the high-speed level- 
flight condition without cuffs and in figures 8 and 9 for 
the climb condition with and without cuffs- The temperature- 
distribution patterns are evidently similar and bear little 
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apparent relation to the coolin£:-air pressure-di st ritut ion 
patterns. The engine temperatures observed during these 
tests are of douhtful significance since the pilot reported 
rough engine operation at and near full throttle and the 

LgN power developed, es'oecially during the climbs, was rela- 

00 tively low. 

^ - . 

G-round Cooling 

Representative temperatures observed during the ground*— 
cooling tests are shown on figure 10 for the run with cuffs 
and on figure 11 for the run without cuffs. It is apparent 
that the use of cuffs materially reduces the engine and 
accessory t erap era tur e s - The difference in cooling is prob- 
ably greater "than is indicated since excessive indicated 
oil-in temperatures caused the operator to throttle back to 
idling only 5 minutes after the start of the run without 
cuffsi when cylinder temperatures had not yet stabilized. 
Under these conditionsi only the oil-in temperature exceeded 
the Army limit, but it is probable that the spark-plug elbow 
would also have gone over the Army limit after cut-off if 
the engine had been run at 1400 rpm for the full 10 minutes. 
Of the six elbows for which temperatures were recorded, the 
front elbow of cylinder 11 and the rear elbow of cylinder 1 
reached the same maximum of 215^ F during the run without 
cuffs. The rear elbow was hottest during the idling period 
and the front elbov; was hottest after cut-off. 

Cylinder head and barrel temperatures did not closely 
approach their limits in either test. 

CONCLUSIONS 



1, The maximum speed of the XP-42 airplane with the 
short-nose high- inl et- v e 1 oc i t y cowling was about 1 mile 

per hour greater without propeller cuffs than with the cuffs. 

2. The cooling-air pressure recoveries on the front of 
the engine in full-power climb at 140-miles-per-hoiir indi- 
cated airspeed averaged about 70 percent of airplane impact 
pressure with cuffs and 50 percent without cuffs. The cor- 
responding pressure recoveries in high-^peed level flight 
were 80 percent and 74 percent airplane impact pressure. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley Field, Va. 
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lire 5. - Engine coolln^f^ir pressure distributions at 
high spaed* 
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Figure 6. - Engine coollnc-alr pressure distrlbut loaa in full- 
power climb at 140 miles per hour. 
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Figure 7. -Observed cylinder- temperature distribution at high 
apeed without cuffs, 
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Plgiire 8. - Cylinder- temperature distribution In climb with cuff a 
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Figure 9.- Cylinder temperature distribution in climb without cuffi. 
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